ABSTRACT. The main product of cotton gins is the bale of ginned lint, however valuable fiber exists in several additional
cotton gin is considered to be mainly a set of equipment for taking in seed cotton and producing bales of cotton fiber with the important byproduct of cotton seed yielding oil and protein. However, there are several other outputs from a gin, one of which is the bales of fibrous material obtained from the material rejected from the lint cleaners and in some gins also including material from the gin stand and seed cotton cleaning referred to as "mote" bales. This cotton ginning byproduct stream results because during the cleaning processes some of the desirable lint material is rejected with the unwanted plant parts. This byproduct material stream often contains a considerable fraction of waste plant material with some less desirable short and broken cotton fiber as well as some desirable and longer fiber.
With increasing prices for cotton fiber, interest in reclaimed fiber has increased. Delhom, et al. (2011) showed that lint cleaner motes from one source had a considerable amount of good fiber and that 20% (or more) semi-processed motes could be mixed with normal cotton fiber and spun into yarn with no measurable loss in yarn quality. Over the past few years some gins have installed cleaning equipment to remove fiber from the seed cotton cleaning stream. Little information has been published regarding fiber reclaimed from the seed cotton cleaning stream.
The purposes of this study were to collect data and samples at a gin that was reclaiming fiber from the seed cotton cleaning line and examine it for quantity and quality, which may help the industry better understand how to best use the fiber in this material stream.
MATERIALS AND METHODS
While no gin is typical, the selected gin was a conventional cotton gin complete with current cotton ginning equipment and technology. Management upgraded the plant in 1994 and now uses minimum saw-type lint cleaning and low heat. Module unloading was accomplished with a Harrell module feeder. In 2011, a Sam Jackson Hot Box pickup was installed and the drying system was converted to a pull through first-stage drying system. The pre-cleaning equipment was 305 cm (120 in.) wide. The first stage used a Continental incline cleaner over a Continental Super III stick machine. This cleaning was followed by a second stage push/pull drying system. A Continental incline cleaner over a Continental impact cleaner comprised the second stage pre-cleaning. The impact cleaner dropped the cotton into a conveyor distributor that carried the cotton to the Continental Eagle 161 saw Golden Eagle gin stands equipped with Continental 9000 gin feeders. Once the cotton was ginned, it moved though a centrifugal lint cleaner and finally to the Continental Eagle 24-D controlled batt saw-type lint cleaner.
The reclaimer section of the gin collected the seed cotton cleaning material from the cyclone bank with a 35 -40 Murray fan, which pulled the reclaimed material to a separator. The exhaust from the Murray fan picked up the trash from under a Murray trash vacuum and blew it to the hull pile. The reclaimed material was processed with a modified Murray HLST 183 cm (72 in.) wide stick machine, which had the reclaiming section removed, and a 7 cylinder 183 cm (72 in.) wide Moss Gordon Incline cleaner. At the time of the study the material reclaimed from the seed cotton cleaners was mixed with the material rejected by the lint cleaners and placed in mote bales but for portions of this study the reclaimed material was mixed with the seed cotton in the overflow which was then dropped into the conveyor distributor leading to the gin stands. The material was then processed along with the other seed cotton by the extractor-feeder, gin stand, centrifugal lint cleaner, and saw-type lint cleaner.
Approximately 50 g subsamples of the nine fiber samples taken from the reclaimed material were fractionated, by first removing the larger material manually, then cleaning with the Shirley Analyzer (ASTM D2812-07) to determine the amount of different types of material in the samples.
The ginning portion of the test was completed on Nov. 21, 2011. Approximately enough seed cotton to produce 30 bales was used from each of three cultivars: Deltapine 0912 B2RF (Monsanto, St. Louis, Mo.), PhytoGen 367 WRF (Dow AgroSciences, Indianapolis, Ind.), and Stoneville 5458 B2RF (Bayer CropScience, Research Triangle Park, N.C.). All seed cotton was spindle-picked upland cotton. While the gin was processing the cotton at full speed, about 30 bales per hour, six bales were selected for inclusion in the test. The reclaimed seed cotton fiber was set to either be included or excluded from the bale and the setting remained unchanged until several bales were ginned and a set of samples was taken. For three of the bales from each cultivar the reclaimed lint from the seed cotton cleaning was included in the bale and for three the material was not included in the bale for each cultivar resulting in a total of 18 bales in the study. For each of these 18 bales, 5 samples were analyzed for HVI and AFIS properties for a total of 90 measurements of each parameter.
For the three bales per cultivar for which the reclaimed material was not added to the bales, the reclaimed material was collected and weighed. An approximately 5 kg sample of the material was returned to USDA ARS Cotton Ginning Research Unit at Stoneville, Mississippi for processing. Also, for the bales for which the reclaimed material was not added while the bale was being ginned, approximately 5 kg of seed cotton was taken from the gin stand apron and returned to Stoneville for processing. The nine seed cotton and nine reclaimed lint samples returned to Stoneville were processed with the gin stand and one lint cleaner in the microgin at the Cotton Ginning Research Unit and the weight of lint produced per original material weight (turnout) was calculated. These 18 lint samples were sent to the Cotton Structure and Quality Research Unit in New Orleans, Louisiana for analysis by Advanced Fiber Information System (AFIS) (Uster Technologies, Inc., Charlotte, N.C.). The 18 cotton bale lint samples were sent to the Cotton Structure and Quality Research Unit in New Orleans, LA for analysis by High Volume Instrument (HVI) (Uster Technologies, Inc., Charlotte N.C.), Advanced Fiber Information System (AFIS) (Uster Technologies, Inc., Charlotte, N.C.), and miniature-scale processing (Delhom et al., 2005; Price, 2008) and yarn analysis. Miniature-scale spinning has been used for many years in evaluation of the quality of cotton fiber (Landstreet et al., 1962 ). Five subsamples were tested by AFIS and HVI for each of the samples.
Ne 18/1 open end rotor and Ne 22/1 ring spun yarns were produced from fiber from each of the 9 bales with no reclaimed material added and also from each of the 9 bales with reclaimed material returned before the gin stand. Two repetitions were spun for each combination for a total of 72 yarns. The resulting yarns were tested for quality according to ASTM D1578 (ASTM, 2011). Single-end strength, elongation and uniformity were tested on an Uster Tensorapid 4 and Uster Tester 4 (Uster Technologies, Inc., Charlotte, N.C.).
The results of the HVI, AFIS, and yarn measurements were analyzed with SAS (2003) using procedures MEAN and GLM. With GLM the model included effects of cultivar, whether the material was (or included) reclaimed material, and the interaction.
RESULTS AND DISCUSSION
The mean of the weights of the nine measurements of reclaimed material from the seed cotton cleaners was 8.6 kg (19.0 lb.) per bale. The data in table 1 included the mean fraction of the different components determined from the nine samples taken at the gin. After manually removing the larger material, the lint fraction was cleaned with the Shirley Analyzer (ASTM, 2006) so it was exceptionally clean lint, not as typically seen in a cotton bale. The portion listed as seed cotton was predominately seed with some lint attached. This table verified the observation that there was relatively little seed cotton in the sample, but rather the material was mostly loose fiber consisting of lint and motes. The mean turnout of the nine samples of reclaimed material after being processed through the gin stand and a single saw-type lint cleaner in the Microgin at Stoneville was 55%. So the expected additional weight added to the bale was 4.8 kg (10.5 lb.) plus approximately 3.1 kg (6.8 lb.) of extra material in the mote bale. In a commercial gin the 8.6 kg (19 lb.) of material would be metered slowly into approximately 680 kg (1500 lb) of seed cotton, or 1.3% by weight, resulting in 227 kg (500 lb.) of lint mixed with the approximately 4.5 kg (10 lb) of material from the reclaimer, or 2%.
The means of AFIS measurements comparing the lint from seed cotton and from reclaimed material, after processing with the gin stand and one saw-type lint cleaner in the Microgin at the Stoneville Laboratory and corresponding standard errors were documented in table 2. These data were modeled with source of fiber, cultivar, and the interaction. The interactions were not statistically significant for any of the AFIS measurements. This data showed that there were some differences by cultivar but the differences by source of the fiber were significant in every case. The data showed that the reclaimed lint was of usable, but of lower quality than the fiber ginned directly from the seed cotton.
The least squares means of the HVI data for the 18 bales, by cultivar and by whether the reclaimed material was included or excluded from the bale and corresponding standard errors are listed in table 3. The spinning consistency index is calculated from a combination of HVI properties; including strength, upper half mean length, uniformity index, micronaire, and color; based on regression to predict spinning potential and was provided by the Uster HVI Spectrum (Uster Technologies, Inc., Charlotte, N.C.). There were no statistically significant differences (P<0.05) between the means related to the inclusion of the reclaimed lint and none of the interactions were significant. The only significant differences were due to cultivar. The reclaimed material was added before the gin stand so the gin stand and lint cleaners would be expected to remove some of the less desirable material. Perhaps the differences in quality documented in table 2 were not measurable when processed in the gin because of the small quantity of reclaimed material added to each bale. It is also possible that the removal of motes and short fiber was more effective when a small amount of the reclaimed material was added to the fiber stream when processing normal seed cotton in the commercial gin. Perhaps when only reclaimed material was processed in the scale model gin at the Stoneville Lab the cleaning ability of the gin stand and saw-type lint cleaner was overwhelmed and thus the cleaned reclaimed material retained more short fiber than would have been retained in the commercial gin.
The least squares means by cultivar and whether the reclaimed material was added to the seed cotton stream of selected AFIS measurements and standard errors were entered in table 4. None of the interactions were significant and none of the means by whether the reclaimed material was added were significantly different at the 0.05 or 0.10 levels. The only means which were significantly different were by cultivar, and few of them were significantly different. AFIS measurements are sensitive to small differences and five subsamples were analyzed for each sample, yet no differences were detected related to whether the reclaimed material was added to the bale. [b] 286 [b] 13 Visible foreign matter (%) 1.9 1.9 1.3 0.39 1.7 [b] 5.6 [b] 0.32 Maturity ratio 0.963 a 0.943 b 0.970 a 0.0024 0.959 [b] 0.893 [b] 0.0019 [a] Means by cultivar followed by different letters were significantly different, P < 0.05. [b] Means by source of material were significantly different, P < 0.05. [a] Means by cultivar followed by different letters were significantly different, P < 0.05.
The least squares means of card waste based on measurements of carding five samples of two treatments (reclaimed material included or excluded) of three bales of three cultivars, 90 observations, and standard errors are listed in table 5. The cotton cultivar was the only significant factor with more waste from processing the Stoneville cultivar than from the other two cultivars.
The least squares means from analyses of skein measurements after the cottons were spun into yarns of two sizes by two spinning methods and standard errors were included in tables 6 and 7. Differences were only related to the cultivar and more differences were noted with the finer count yarns, as expected. No statistically significant differences were measured related to whether the reclaimed material was added at the gin stand overflow, and thus included in the cotton bale, or not.
Although no significant differences in fiber or yarn quality were detected related to whether the reclaimed material was included or excluded from the lint stream other cotton cultivars may respond differently. Additionally, other sets of ginning equipment may result in more nondesirable lint and motes in the bale with detectable degradation of cotton quality. It should be noted that the material returned to the seed cotton stream accounted for 2% or less of the material being ginned so problems caused by this material would be difficult to detect because the effects would be so dilute.
CONCLUSION
A study was planned and carried out in a commercial gin examining the differences in properties of fiber reclaimed from the material removed during seed cotton cleaning. There were about 8.6 kg (19 lb) of reclaimed material per bale with an estimated 4.8 kg (10.5 lb) per bale retained if it were added to the bale, or about 2% of the bale material from reclaimed material. This reclaimed material when analyzed separately from the normal lint was of lower quality than normal lint but contained a considerable amount of valuable fiber. However, no differences in bale fiber quality were detected when measured by HVI or AFIS, no differences in carding waste were detected, and 9.3 b 9.3 b 9.9 a 0.13 9.4 9.5 0.10 [a] Means by cultivar followed by different letters were significantly different, P < 0.05. [a] Means by cultivar and yarn count followed by different letters were significantly different within a column and yarn count, P < 0.05. [a] No means were significantly different within a column and yarn count, P < 0.05. no differences in yarn properties were detected related to whether the reclaimed material was added to the seed cotton before the gin stand or not. Although no significant differences in fiber or yarn quality were detected related to whether the reclaimed material was included or excluded from the lint stream, the procedure cannot be recommended without data including additional cultivars and ginning equipment not covered in this study.
